Introduction
In this paper, we consider the problem of obtaining the two-dimensional (2D) image of an object by processing signals from a receiver that scans around the object. The excitation sources are planes waves generated by transmitters on the same plane as the receivers. The cross section of the object on the scanning plane is characterized by a two-dimensional distribution g(x, y) . This distribution is termed as the reflectivity density function. High resolution microwave imaging can be obtained using focused synthetic aperture processing [1] . In focused process, measured data is mapped onto the spatial spectrum domain, or the kspace [2] . And a two dimension Fourier transform relationship is established between spatial spectrum domain and object image. To obtain the two dimensional image, a 2D inverse Fourier transform is needed. When the spatial domain is electrically large, 2D Fast Fourier Transform (2D-FFT) can be utilized to speed up the process. In practical applications, the measured data are usually not on equally spaced grids in rectangular coordinate which is required to perform 2D FFT. Based on the different transmitter and receiver configurations, different spectrum data pattern are obtained. In this paper, we apply an interpolation scheme to obtain evenly spaced data in spectrum domain. It covers both monostatic and bi-static cases.
In certain applications, the objects of interest are often confined within a complex background. When the background scattering is relatively strong it may be difficult to produce any useful images. One such example is the through wall imaging reconstruction. In this case, the received field can be viewed as made of three components: (a) the reflection from the wall, (b) the scattering by the objects inside, and (c) the component due to the interaction of the wall and the objects. The walls generate strong reflection and the small objects inside the walls have very small contribution to the total scattered field. This leads to poor image quality for the purpose of identifying the objects inside the wall. If the property of the wall is known of partly known, it is possible to pre-calculate the scattered field by the walls only and subtract it from the received total field. If the interaction of the objects with the wall is small, then it is possible to reconstruct the object image using the difference field. The success of this treatment depends on two conditions: (a) the wall property is known (thickness, construction material, and locations), (b) the received field is accurate in both amplitude and phase. In this paper, we present simulation results based on assuming the above two conditions are satisfied. The data used for simulation are generated by hybrid u.s. Government work not protected by U.S. copyright surface-volume integral equation solver (multilevel fast multiple algorithm is applied in cases of electrically large walls).
Formulations
The 2D high resolution radar imaging using Focused Synthetic Aperture Processing (FSAP) is discussed in [1] in detail for mono-static cases. According to [1] , a 2D Fourier transform pair is established between G(x,Y) and g(x,y), where G(x,Y) is the received scattering field at spatial spectrum domain and g (x, y) is the image which is termed as reflectivity density. Measured data at different frequency f and incident angle°is mapped to the spatial spectrum domain by
(1) Similarly, 2D microwave imaging using FSAP can be achieved from bi-static measurement. It can also be derived from diffraction tomography using the firstorder Born approximation [2] . According to the imaging geometry in Fig. 1 , the map from the object image to the scattered field can be written as,
Under far-field approximation, the above can be rewritten as,
where P=Or -~is the bi-static angle, and
G(X, Y) =G(f,~, 0r)e-j21t(R t +R r )1 A (5)
As analyzed above, 2D fast Fourier transform can be utilized for image reconstruction. In practice, measured data has patterns other than evenly spaced in rectangular coordinate system. For the configuration where both receivers and transmitters are located on a circle around the object, the recorded data will also be points on full or partial circles in the X-Y plane. Therefore, interpolation schemes are needed to obtain evenly distributed data samples in X and Y directions in spectrum domain.
Consider the background and the object as different scattering sources, by ignoring the interaction between two sources, the total field can be written as
where E~~a is the scattered field due to the background and E~~; is the scattered field of the objects. In the cases that E~~a is high, the objects may be undetectable.
In cases when the background properties are known, it is possible numerically calculate the scattered field (of the same source) by background only. If the background scattered field is subtracted from the total measured field, it is expected that better reconstruction of the objects could be achieved. In the following, we present image reconstruction results to verify the interpolation scheme and demonstrate the improvement using background subtraction method. The scattered data for the imaging processing are from the solution of the forward scattering problem using the method of moment.
Computational Results
To validate the interpolation schemes and image improvement, intensive computational simulation has been performed. In our simulation, the scattered field is calculated by method of moment (using the hybrid volume-surface integral equation). 
Conclusion
This paper presented numerical simulation of imaging reconstruction of objects confined within a dielectric wall. The image for the unknown region can be improved if the scattering properties of the wall are known. This improvement is achieved by subtracting the scattered field of the wall. From the total scattered field. The scattered field for wall alone case is obtained by solving a forward scattering problem. Whether this approach can be applied to the partially known background needs to be further investigated. 
